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BACKGROUND 

As microprocessors continue to advance in complexity and operating rate, the 
heat generated in microprocessors during operation increases and the demands on cooling 
systems for microprocessors also escalate. A particular problem is presented by so-called 
5 "hotspots" at which circuit elements at a localized zone on the microprocessor die raise 
the temperature in the zone above the average temperature on the die. Thus it may not be 
sufficient to keep the average temperature of the die below a target level, as excessive 
heating at hotspots may result in localized device malfunctions even while the overall 
cooling target is met. 



1 0 BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 is a partial schematic side cross-sectional view of an integrated circuit (IC) 
die with a portion of a cooling system and packaging for the die, as provided according to 
some embodiments. 

FIG. 2 is a partial schematic cross-sectional view from above, taken at line II-II in 

15 FIG. 1. 

FIG. 3 is block diagram showing the die of FIG. 1, with additional components of 
the cooling system for the die. 

FIG. 4 is a view similar to FIG. 1 5 showing the IC die and a portion of the cooling 
system and die packaging as provided according to some other embodiments. 
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FIG. 5 is a view similar to FIGS. 1 and 4, showing the IC die and a portion of the 
cooling system and die packaging as provided according to still other embodiments. 

FIG. 6 is a block diagram of a computer system that includes an example of an IC 
die associated with a cooling system as in one or more of FIGS. 1-5. 

5 DETAILED DESCRIPTION 

FIG. 1 is a partial schematic side cross-sectional view of an integrated circuit (IC) 
die 10 with a portion of a cooling system 12 and a die packaging substrate 14, as 
provided according to some embodiments. To simplify the drawing, various aspects of 
the die package are omitted. 

10 FIG. 2 is a partial schematic cross-sectional view of the IC die and cooling 

system, taken in plan view at line II-II in FIG. 1. Both FIGS. 1 and 2 show simplified 
examples of the cooling system components, and in practice the layout of cooling system 
components may be much more complex than illustrated in the drawings. In general the 
drawings herein are not to scale. 

15 Referring to FIG. 1, the IC die 10 is mounted on the package substrate 14 in a 

conventional "flip-chip" arrangement. The IC die 10 may be formed of a conventional 
semiconductor material such as silicon. The IC die 10 has front surface 16 on which an 
integrated circuit 18 (e.g., a microprocessor) is formed. The integrated circuit 18 is 
directly coupled to the package substrate 14 by die bumps 20. (Traces, etc., present in the 

20 substrate 14, and to which the integrated circuit 18 is coupled by the die bumps 20, are 
not separately shown. "Landside" bumps on the package substrate 14 are also omitted 
from the drawing. The die bumps 20 may be more numerous than as depicted in FIG. 1 .) 

The IC die 10 also has a rear surface 22 that is opposite to the front surface 16 of 
the IC die 10. A microchannel member 24 is bonded to the rear surface 22 of the IC die 
25 1 0 by bonding material 26. Grooves 28 are formed in the front side 29 of the 

microchannel member 24 to allow the microchannel member 24 to define microchannels 
30. The front side 29 of the microchannel member 24 faces the rear surface 22 of the IC 
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die 10. It will be noted that the grooves 28 of the microchannel member 24 define the 
microchannels 30 in cooperation with the rear surface 22 of the IC die 10, with the rear 
surface 22 forming the floors of the microchannels 30. In some embodiments, the 
grooves 28 may have a rectangular cross-section (as depicted in the drawing) so that the 
5 microchannels 30 also have a rectangular cross-section, but other shapes of cross-section 
are also possible. In some embodiments, the microchannels 30 may have a height 
(distance from rear surface 22 of the IC die 10 to the top wall 32 of the groove 28) of 
about 300 microns and a width (distance from one side wall 34 of the groove 28 to the 
other side wall 36 of the groove 28) of about 200 microns, but other dimensions of the 
10 microchannels 30 are possible. In a practical embodiment, the number of microchannels 
may be much more than the relatively few microchannels depicted in the drawing. 

In some embodiments the microchannel member 24 may be a heat spreader, such 
as an integrated heat spreader (HIS) formed of copper or aluminum, which may be 
provided in accordance with conventional practices except for the presence of the 

1 5 grooves 28. In other embodiments, the member 24 may not be a heat spreader, but may 
still be formed of copper or aluminum, or alternatively of silicon. The grooves 28 may be 
formed in the member 24 by a lithographic process or by micro-machining. Bonding of 
the member 24 to the rear surface 22 of the IC die 1 0 may be with gold or solder or by 
another suitable technique such as thermal compression bonding. Noting again that the 

20 drawings are not to scale, the member 24 (whether or not it is a heat spreader) may be 
substantially thicker than the height of the microchannels 30, and the microchannels may 
be much narrower than suggested by the drawings. 

The microchannels 30 are provided to allow a coolant (not shown) to flow 
through the microchannels 30. In some embodiments, the coolant may be de-ionized 
25 water. Flow of the coolant through the microchannels 30 is schematically represented by 
arrows 38 in FIG. 2. (It should be understood that coolant may flow through a 
microchannel 30 even if an arrow 38 is not indicated in the particular microchannel.) 
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It should be noted that the manner of defining the microchannels depicted in FIG. 
1 contrasts with a previously proposed practice of forming microchannels by lithography 
or the like directly in the rear surface of the IC die. 

The microchannels 30 need not all be straight and parallel to each other. 

5 Referring now to both of FIGS. 1 and 2, the cooling system 12 also includes, in 

addition to the microchannels 30, thin film thermoelectric cooling (TFTEC) devices 40. 
The TFTEC devices 40 are formed on the rear surface 22 of the IC die 10 and are located 
in at least some of the microchannels 30. Terminals 42 (seen in FIG. 2) are provided at 
ends 44 of the TFTEC devices 40. Except as schematically indicated at 46 in FIG. 2, 

10 leads to supply electrical power to drive the TFTEC devices 40 are not shown to simplify 
the drawing. However, such leads are present, and may be formed on the rear surface 22 
of the IC die 10 at the terminals 42. The leads may be isolated from the coolant to 
prevent electrical shorts by covering the leads with an insulating layer (not shown) such 
as silicon oxide. In addition, or alternatively, the coolant may be a dielectric or de- 

15 ionized water. 

In some embodiments, two or more TFTEC devices 40 may be formed in a 
vertical stack. For example, as indicated at 46 in FIGS. 1 and 2, a stacked pair of TFTEC 
devices 40 may be provided. As can be seen from FIG. 2, the two TFTEC devices 40 of 
a stacked pair need not be coterminous. 

20 In some embodiments, each TFTEC device 40 may have a thickness of about 5 

microns, a width in the range of 5 to 50 microns and a length in the range of 5 to 50 
microns. (Again it is noted that the drawings are not to scale.) Accordingly, given a 
height of hundreds of microns for the microchannels 30, the presence of the TFTEC 
devices 40 in the microchannels 30 does not have a significant effect on the flow of 

25 coolant through the microchannels. The TFTEC devices 40 may in some embodiments 
be formed of a material such as silicon germanium superlattice or beryllium telluride 
(Be 2 Te 3 ). 



5 



INTEL Docket No.: PI 8285 
Express Mail Label No.: EL963890492US 



As suggested by the drawings, the TFTEC devices 40 may be present in some but 
not all of the microchannels 30, in some embodiments. In particular, TFTEC devices 
may be placed at specific locations that may be hotspots on the IC die 10. In other 
embodiments, TFTEC devices 40 are present in all of the microchannels 30. Stacking of 
5 the TFTEC devices 40 may occur where cooling needs are particularly acute. 

FIG. 3 is a block diagram showing the IC die 10, with additional components of 
the cooling system 12. For purposes of illustration, the microchannels 30 and the TFTEC 
devices 40 are shown as separate blocks in phantom, although in practice the TFTEC 
devices 40 are located in the microchannels 30. 

10 As illustrated in FIG. 3, the cooling system 12 includes a coolant circulation 

system 48 to supply the coolant to the microchannels 30. The coolant circulation system 
48 may be in fluid communication with the microchannels 30 via one or more coolant 
supply channels 50 and one or more coolant return channels 52. Although not separately 
shown, a pump and a heat exchanger located remotely from the die 10 may be included in 

15 the coolant circulation system 48. 

The coolant system 12 also includes a drive circuit 54 that is coupled to the 
TFTEC devices 40 to supply electrical power to the TFTEC devices 40. In some 
embodiments, the drive circuit 54 may be mounted on the package for the IC die 10. 
(Only the package substrate 14 is shown in the drawings.) In some embodiments, the 
20 drive circuit 54 may also supply power to the integrated circuit 1 8 (FIG. 1). In other 

words, the integrated circuit 1 8 and the TFTEC devices 40 may share a power supply, in 
some embodiments. 

Referring now to FIG. 4, in some embodiments a second tier 56 of microchannels 
30 is provided above the first tier 58 of microchannels 30 in a cooling system 12a. In the 
25 embodiments illustrated in FIG. 4, the microchannel member 24 is not much thicker than 
the height of the microchannels 30 of the first tier 58 and is interposed between the IC die 
10 and a heat spreader (or other member) 60. In these embodiments, the microchannels 
of the first tier 58 are defined by the rear surface 22 of the IC die 10 and by grooves 28 in 
the microchannel member 24; and the microchannels of the second tier 56 are defined by 
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the rear surface 62 of the microchannel member 24 and grooves 28 in the heat spreader 
60. In these embodiments, the floor of the microchannels of the second tier 56 is formed 
by the rear surface 62 of the microchannel member 24. 

As before, the microchannel member 24 may be formed of copper, aluminum or 
5 silicon in some embodiments. The heat spreader 60 may, for example, be formed of 
copper or aluminum. The heat spreader 60 may have a thickness that is substantially 
greater than the height of the microchannels of the second tier 56. In some embodiments, 
the height of the microchannels of the second tier 56 may be substantially the same (e.g., 
300 microns) as the height of the microchannels of the first tier 58. 

1 0 In other embodiments in which two tiers of microchannels are provided, as 

illustrated in FIG. 5, a microchannel member 24a has grooves 28 that face down and 
grooves 64 that face up. In these embodiments, the cooling system 12b includes a first 
tier 58 of microchannels and a second tier 56a of microchannels. The microchannel 
member 24a is interposed between a heat spreader 60a and the rear surface 22 of the IC 

15 die 1 0. As in the embodiment of FIG. 4, the microchannels of the first tier are defined by 
the rear surface 22 of the IC die 10 and by the downward-facing grooves 28 in the 
microchannel member 24, but the microchannels of the second tier 56a of FIG. 5 are 
defined by the front surface 66 of the heat spreader 60a and the upward-facing grooves 
64 in the microchannel member 24a. In these embodiments, the top wall of the 

20 microchannels of the second tier 56a is formed by the front surface 66 of the heat 
spreader 60a. 

The cooling systems 12a and 12b may have substantially the same coolant 
circulation systems and drive circuit as the cooling system 12 of FIGS. 1-3. 

In operation of the cooling systems 12, 12a or 12b, coolant (not shown) supplied 
25 by the coolant circulation system 48 (FIG. 3) flows through the microchannels 30 at or 
above the rear surface of the IC die 10 to aid in cooling the IC die 10. In some 
embodiments the coolant is operated with two phases-liquid and vapor. That is, in some 
embodiments at least part of the coolant in the microchannels is in a gaseous state. In 
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other embodiments the coolant is single phase-that is, all liquid. In some embodiments, 
two phase operation is employed with a single tier of microchannels. In other 
embodiments, single phase operation is employed with two or more tiers of 
microchannels. In either case, the thermal resistance of the cooling system may be very 
5 low. In still other embodiments, single phase operation is employed with a single tier of 
microchannels. 

Also as part of the operation of the cooling systems 12, 12a, 12b, the IC die is 
cooled by operation of the TFTEC devices 40 formed on the rear surface of the IC die. 
The presence of the TFTEC devices may mitigate effects of hotspots on the IC die due to 

1 0 localized characteristics of the integrated circuit 1 8. Also, the coolant flowing on the top 
("hot side") of the TFTEC devices may enhance the effectiveness of the TFTEC devices 
by aiding in dissipation of the heat transported by the TFTEC devices from the IC die. 
The combination of the coolant flowing in the microchannels and the operation of the 
TFTEC devices may aid in achieving a lower average temperature for the IC die than is 

1 5 achieved by conventional die cooling arrangements. 

The cooling systems described herein, which include both microchannels at 
and/or adjacent to the rear surface of the IC die, and TFTEC devices formed on the rear 
surface of the IC die in at least some of the microchannels, may be applicable both to 
conventional flip-chip mounted dies and to so-called "thin die thin TIM" IC packages, 
20 where "TIM" refers to thermal interface material. 

As noted above, the integrated circuit 18 formed on the front surface of the IC die 
10 may be a microprocessor in some embodiments. FIG. 6 is a block diagram of a 
system 100 in which such a die 10 may be incorporated. Although not separately 
indicated in FIG. 6, a cooling system 12 as disclosed hereinabove (or a cooling system 
25 1 2a or 1 2b) may be associated with the die 1 0. 

In FIG. 6, the die 10 includes many sub-blocks, such as arithmetic logic unit 
(ALU) 104 and on-die cache 106. The microprocessor on die 10 may also communicate 
to other levels of cache, such as off-die cache 108. Higher memory hierarchy levels, such 
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as system memory 1 10, are accessed via host bus 1 12 and chipset 1 14. In addition, other 
off-die functional units, such as graphics accelerator 1 16 and network interface controller 
(NIC) 1 18, to name just a few, may communicate with the microprocessor on die 10 via 
appropriate busses or ports. 

5 The several embodiments described herein are solely for the purpose of 

illustration. The various features described herein need not all be used together, and any 
one or more of those features may be incorporated in a single embodiment. Therefore, 
persons skilled in the art will recognize from this description that other embodiments may 
be practiced with various modifications and alterations. 



9 



